Abstract: Progeny testing of oil palm interspecific hybrids was conducted in four trials in Kluang, Ulu Paka, Teluk Intan and Carey Island, Malaysia. The interspecific hybrids (O  P) were created according to the North Carolina Model I (NCM I) mating design, using Elaeis oleifera (O) and Elaeis guineensis var. pisifera (P) as the maternal and paternal parents, respectively. Differences among O, P and O-within-P were determined by the performance (bunch yield, components and vegetative traits) of the progenies. There were significant differences among P for fresh fruit bunch (FFB) yield, bunch number (BN) and average bunch weight (ABW) in Kluang, Ulu Paka and Teluk Intan, but not in Carey Island. FFB yield was generally higher on coastal soils (Teluk Intan and Carey Island) than inland soils (Kluang and Ulu Paka). Heritability was calculated based on the intraclass correlation. Heritability estimates for these three yield components were variable, depending on the breeding material and environment in which the materials were tested. Fruit to bunch (F/B) and oil to bunch (O/B) of parthenocarpic fruits were important in determining the overall O/B of the interspecific hybrids. The O  P hybrids in Kluang showed the lowest height increment with only a mean of 14.0 cm/year, whereas in Ulu Paka and Teluk Intan, the values were higher at 24.0 cm/year and 25.0 cm/year, respectively. The study showed that the FFB yields of oil palm interspecific hybrids performed better in coastal soils than inland soils.
Introduction


The commercial oil palm planted is mainly of Elaeis guineensis var. tenera fruit form, which is the F 1 hybrid between palms of dura and pisifera fruit forms [1] . E. guineensis is widely accepted to originate from Africa. Lately, attention is being paid to E. oleifera-the South and Central American species, for some of its potentially useful attributes, such as slower height increment [2] [3] [4] [5] , higher oil unsaturation [6, 7] and resistance to certain diseases [8] [9] [10] . E. oleifera hybridizes readily with E. guineensis to produce interspecific hybrids (O  P), and it has been advocated as a promising source of new genetic variation in the oil palm [11, 12] .
Interspecific hybridization programmes for the oil palm have been conducted in various research centres in the world. The objective is to introgress the desirable qualities from both E. guineensis and E. oleifera into their progenies. Socfin-Oil Palm Genetics Laboratory (OPGL), United Plantations Berhad (UPB) and the Malaysian Palm Oil Board (MPOB) have introduced substantial E. oleifera germplasm to Malaysia [13] . Rajanaidu et al. [14] did a genetic analysis on yield, vegetative growth and fatty acid composition of the hybrids. The results showed that the gene (additive, dominant or a combination of both) of controlling yield varied with the type of breeding material and environment where they were tested. Fatty acid composition was found to D DAVID PUBLISHING
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be highly heritable and controlled by dominance effects. For vegetative growth, parameters such as rachis length, leaflet number and leaf area were under the control of additive effects, whereas frond production was conditioned by dominance effects. Mukesh and Tan [15] suggested maternal inheritance of iodine value (IV) among interspecific hybrids and their reciprocal crosses. Romero et al. [16] reported that the main differences among hybrids arose from the origin of the E. oleifera genitors, which exhibited high genetic diversity and marked agronomic differences. He further showed the results of the characterization of different hybrids at the molecular, biochemical, physiological and morpho-agronomic levels and also the response of the hybrids to bud rot. Interest towards oil palm interspecific hybrids has recently gained momentum among breeders and planters in view of its disease resistance qualities against devastating diseases, such as bud rot [17] caused by Phytophthora palmivora in Latin America. The interspecific hybrids appeared to be the best solution as compared to the commercial tenera in Latin America in view of its tolerance against attack by Phytophthora [18] .
In this paper, the performance and genetic analysis for bunch yield, bunch components and vegetative traits of the oil palm interspecific hybrids developed at MPOB and planted at four locations are deliberated.
Materials and Methods
Interspecific hybrids were created based on the North Carolina Model I (NCM I) mating design [19] involving a total of 236 E. oleifera (O) and 76 E. guineensis var. pisifera (P) as maternal and paternal parents, respectively. E. oleifera (collections by Socfin) and P (from Algemeene Vereniging van Rubberplanters ter Oostkust van Sumatra (AVROS), 27B, 29/36 and Sabah Breeding Programme) used in the programme were obtained from plantings in Serdang, Selangor. O  P progenies derived from the crosses were subsequently planted in equilateral triangle system at 8.4 m spacing (Table 1) 
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The number of fresh fruit bunches and their individual weights were recorded for every palm in 7-10 days harvesting rounds. Four to five bunches per palm were sent for bunch analysis by the method in Ref. [21] as modified by Rao et al. [22] for standard use in Malaysia. The non-destructive methods in Ref. [23] were used for the measurements of vegetative traits.
Intraclass correlations for pisifera (tm), oleiferas-within-pisifera (tf), oleiferas-within-pisifera + pisifera (tf + m) and their corresponding heritabilities (h 2 m, h 2 f, h 2 f + m) were estimated from their respective variance components [24] . Broad sense heritability (h 2 fs) of the full-sib families was twice the intraclass correlation [25] .
Results and Discussion
Fresh Fruit Bunch Yield and Its Components
Kluang and Ulu Paka being in inland areas generally gave lower fresh fruit bunch (FFB) yield at 89.1 kg/palm/year and 108.7 kg/palm/year, respectively, compared to coastal areas of Teluk Intan and Carey Island at 175.0 kg/palm/year and 202.4 kg/palm/year, respectively. Bunch number (BN) was about twice in coastal areas than that in inland areas. There do not seem to be any particular trend with regards to average bunch weight (ABW) performance for both soil environments. The result nevertheless showed that BN was more important in contributing towards the FFB yield compared to ABW (Table 2 ).
In Kluang, there were significant differences among P for FFB, BN and ABW, and among O-within-P for BN and ABW ( At Carey Island, there were no significant differences among P as well as O-within-P for FFB, BN and ABW (Table 6 ). However, there was significant pisifera  replication (P  R) interaction for FFB, BN and ABW, which indicates inconsistent performance of P between the two replicates.
Bunch Components
The fertile fruit components of palms in Kluang, Ulu Paka and Teluk Intan gave mean oil to bunch of 3.5%, 3.5% and 3.2%, respectively. For parthenocarpic Table 7) . In Table 8 , it could be found that Kluang showed significant differences among P and O-within-P for M/F and S/F of fertile fruits with the heritability estimates being intermediate for both bunch components. However, there were no significant differences among P and O-within-P for kernel to fruit (K/F). There were significant differences among P but not among O-within-P for oil to dry mesocarp Table 8) .
Ulu Paka had significant differences among P and O-within-P for M/F, K/F and S/F of fertile fruits. The heritability estimates based on P were low for M/F, K/F and S/F but were intermediate based on O-within-P for all the three components. There were no significant differences among P and O-within-P for O/DM and O/B. The heritability estimates based on P were low for O/DM and O/B but intermediate for O/WM. Based on O-within-P, the heritability were low (Table 9) . For progeny data in Teluk Intan, there were significant differences among P and O-within-P for M/F and K/F. High heritability estimates were recorded when based on P for M/F and O-within-P for K/F. Significant (Table 10) .
Vegetative Traits
The palms were vegetatively most vigorous in Ulu Paka, followed by Teluk Intan and Kluang. This was observed in the highest value for petiole cross-section (PCS), rachis length (RL), leaflet length (LL), leaflet number (LN), height (HT) and leaflet area (LA) for palms in Ulu Paka. Palms in Kluang however were measured with the lowest height and height increment rate (HTI) among the three locations (Table 11) .
Palms in Kluang showed significant differences among P and O-within-P for PCS and RL. For HT, [26] , where t = 6, 9 and 7 for Kluang, UluPaka and TelukIntan, respectively. Numbers of progenies are 73, 42 and 48 for Kluang, UluPaka and TelukIntan, respectively. PCS = petiole cross-section; RL = rachis length; LL = leaflet length; LW = leaflet width; LN = leaflet number; HT = height; HTI = height increment; LA = leaflet area. values of heritability based on intra-class correlations; * and ** mean values are significant at P < 0.05 and P < 0.01, respectively; -: the most likely estimate value is zero; values in parenthesis are the percentage of phenotypic variance of component; harmony means for palms in female/rep (n') and O/P (o') = 5.00 and 3.18, respectively; PCS = petiole cross section; RL = rachis length; HT = height. values of heritability based on intra-class correlations; * and ** mean values are significant at P < 0.05 and P < 0.01, respectively; -: the most likely estimate value is zero; values in parenthesis are the percentage of phenotypic variance of component; harmony means for palms in female/replication (n') and O/P (o') = 5.00 and 3.18, respectively; PCS = petiole cross section; RL = rachis length; HT = height. df: degrees of freedom for the F-ratio on composite items;  significant differences were observed among P but not among O-within-P. The heritability estimates based on both P and O-within-P were intermediate for PCS and RL but low for HT (Table 12) . For palms in Ulu Paka, there were significant differences among both P and O-within-P for PCS, RL and HT. The heritability estimates based on both P and O-within-P were intermediate for PCS, low for RL and high for HT (Table 13 ).
There were significant differences among P for PCS, RL and HT and among O-within-P for PCS and HT in Teluk Intan. The heritability estimates based on both P and O-within-P were intermediate for RL but high for PCS and HT (Table 14) .
Conclusions
The FFB yield of interspecific hybrids appeared to perform better on coastal (Teluk Intan and Carey Island) than inland (Kluang and Ulu Paka) soils. There appeared to be a two-fold difference in BN, among hybrids in coastal soils compared to inland soils. With regards to the bunch components, F/B and O/B of the parthenocarpic fruits were found to be very important in determining the O/B of the hybrids. The O/B was the highest in Kluang, followed by UluPaka and Teluk Intan.
For immediate exploitation, cloning of outstanding individual palms via tissue culture could be pursued. For long term breeding programme, the backcrossing of interspecific hybrids to E. guineensis could also be pursued to introgress traits of interest from E. oleifera and E. guineensis. Eventually, highly homozygous individuals could be selected for commercial planting.
